Abstract: Metal-responsive transcription factor-1 (MTF-1) is a zinc finger protein conserved from mammals to insects. It mediates protection against heavy metal load by activating the expression of metallothionein and other genes. In Drosophila, MTF-1 serves a dual function in that it not only helps to protect against heavy metal load but also induces the expression of Ctr1B, the gene for an intestinal copper importer, upon copper starvation. By dissecting Drosophila MTF-1 function, we have identified determinants for nuclear import and export, and characterized a phosphorylation site mutant (T127A) that differentially affects MTF-1 target genes. Further, by generating a series of fusion proteins with the heterologous DNA binding domain of Gal4 we identified a strong, constitutive activation domain in the central region of MTF-1 (aa 352-540). By contrast, an extended fusion protein that includes MTF-1's C-terminus (aa 352-791) is not active in standard conditions but induced by copper load. The paramount regulatory importance of the C-terminal part, that harbors a cysteine-rich "metallothionein-like" domain, was corroborated by different experiments. Transgenic flies expressing C-terminally truncated MTF-1 variants displayed high constitutive transcription of both, the genes for metallothioneins and the copper importer Ctr1B. The indiscriminate activation of these genes that are normally induced under opposite conditions of copper load and copper starvation manifested itself in a shortened life span, crippled wings, and female sterility. 
Introduction

41
A key player in heavy metal homeostasis is the metal-responsive transcription factor-1
42
(MTF-1, also termed metal-regulatory transcription factor-1 or metal response element-
43
binding transcription factor-1). MTF-1 is activated by heavy metal load (Heuchel et al., 
59
Ctr1B to protect flies from copper starvation (Selvaraj et al., 2005) . Flies without MTF-1 60 develop normally under standard food conditions, but cannot survive heavy metal 61 stress (Egli et al., 2003) . In contrast to this in mice, knockout of MTF-1 is lethal and 62 embryos die at day 14 of gestation (Günes et al., 1998) . A motif rich in cysteines relatively low affinity for zinc Otsuka et al., 2000) , and a metal-
74
sensing acidic transactivation domain (Lindert et al., 2009 
214
S160A mutant, which also yielded an elevated activity in the transcription assay,
215
showed a somewhat stronger EMSA band whereas the other mutants produced bands 216 of about the same intensity ( Figure 2B ). Thus the lower transcriptional activity of some 217 of the mutants is not merely due to a reduced DNA-binding ability.
219
C-terminal deletions of Drosophila MTF-1 lose the ability to discriminate between
220
copper load and copper starvation.
221
To further identify regions in MTF-1 that regulate its function, we tested three shortened destabilizing function of the C-terminal 30 amino acids (see Figure 1D) 
236
(data not shown) and the wing structure was distorted in both males and females.
237
While the short deletion "761-791 only had "notched" wings, the two bigger deletions 238 caused severely malformed, crumpled wings ( Figure 3B ). Additionally, flies expressing 239 the truncations had an obviously reduced vitality, which was measured in two ways. 
254
The most striking effect was however seen when the expression of the major target 
272
The wing effect is not easily explainable since curiously, the wing structure could be 
283
shown in Figure 4C , the two genes were overexpressed even in the absence of Ctr1B.
We were not able to test Ctr1B expression in the context of these truncation mutants in 
301
copper induced activity, but a partial response to cadmium was maintained. As for 302 intact MTF-1 and its truncations ( Figure 3E ), the C-terminal deletion in the Gal4-fusion
303
(segment c) resulted in increased basal activity combined with a decreased inducibility.
304
A very strong and constitutive activation was observed with segment i (aa 352-540).
305
Like the situation in mammalian MTF-1, this segment is also located downstream of the 306 zinc fingers (Figure 6 ). However, its primary sequence is different, and unlike the 307 mammalian domain it is not by itself responsive to metals. 
319
In contrast to human MTF-1, whose isolated activation domain retains considerable 
529
The mcysCTD mutant gave a relatively strong, blurred band that might indicate partial 
